ADDITIONAL INDEX WORDS. Maytenus senegalensis, ornamental plants, reuse water, Ruscus aculeatus, salt ions SUMMARY. This experiment measured plant growth of a halophyte (species adapted to saline conditions) confetti tree (Maytenus senegalensis) using runoff from kneeholy plants (Ruscus aculeatus). Three irrigation treatments were used, a standard nutrient solution or control (T 0 ), runoff water collected from kneeholy plants irrigated with the standard nutrient solution blended 50:50 with tap water (T 1 ), and 100% runoff water collected from kneeholy plants irrigated with the standard nutrient solution (T 2 ), in which the nutrient concentrations were analyZed by highperformance liquid chromatography. Growth, photosynthetic parameters, and mineral composition were measured at the end of the experiment. Electrical conductivity and pH increased with increasing runoff application (decreased blending). Treatment 2 had significantly higher plant height, number of branches, number of leaves, leaf area index, and dry weight. Treatments 1 and 2 had significantly lower root lengths compared with the control. Chlorophyll concentration and green index color in leaves were greater in T 2 and T 1 than T 0 . The mineral composition of roots and leaves was affected by irrigation treatment, resulting in an increase of sodium and chloride concentration and a decline of nitrogen and phosphorous concentration compared with the control. The reuse of runoff water was beneficial for growing this commercially important halophytic species in Spain, a consideration that is particularly relevant in locations with water quality, quantity issues, or both.
O rnamental greenhouse-grown plants are typically grown with either controlled-release fertilizer or fertigation, with typical nitrogen (N) rates of 50-300 mgÁL -1 , which may be applied multiple times per day because of container volume limitations and substrate water-holding properties. This can lead to fertilizer leaching and runoff, and contamination of ground and surface waters from N and phosphorus (P) in runoff water (Narv aez et al., 2011) .
Global concerns about water quality and quantity, as well as environmental regulations, which aim to reduce nutrient leaching into surface and groundwater, have prompted a number of research efforts including the evaluation of alternative irrigation for agriculture (Jarecki et al., 2005; Purvis et al., 2000) . One option for alternative water supply is the sequential reuse of runoff water to irrigate increasingly salt-tolerant plants (Su et al., 2005) . In this system, the runoff water collected from one crop is used to irrigate a more salt-tolerant crop. It is vitally important that each subsequent crop is able to tolerate the accumulated salts to avoid crop damage and death (Grattan et al., 2011) .
The Mediterranean region is characterized by an annual average rainfall of 50 cm, which can lead to poor irrigation water quality because of increased salt concentrations during the dry season (Rana and Katerji, 2000) . The use of native Mediterranean species in xeriscaping, landscaping, and revegetation projects has increased in recent years because of their adaptability under varying environmental conditions ( Alvarez et al., 2012) . Among these Mediterranean species, kneeholy and confetti tree are widely grown for their commercial value (Lopez, 2004; Veronese, 2014) . Although there are a number of publications that have investigated the reuse of runoff water in nursery production (Owen et al., 2008; Polomski et al., 2005 Polomski et al., , 2008 , little is known about reusing irrigation water for the production of confetti tree. A greenhouse experiment was conducted to determine the effects of different irrigation treatments on biomass, mineral composition, and photosynthetic parameters of this species.
Materials and methods
PLANT MATERIAL AND CULTURAL CONDITIONS. The experiment was carried out at the University of Almeria, Spain (lat. 36°49#N, long. 2°24#W). Rooted 0.2-L plugs of kneeholy and confetti tree were obtained from a local nursery. Both species were transplanted into 1.5-L polyethylene containers (one plant per container) containing a substrate of peatmoss and perlite 80:20 (by volume) (Projar Professional CP1 + Perlite; Projar, Sao Paulo, Brazil), without any additional amendments. The experimental period was 8 weeks to reflect typical production time in the region (11 Feb. to 5 Apr. 2013 Ád -1 . The PAR was measured by a quantum sensor (model QSO-SUN; Apogee Instruments, Logan, UT) placed in the plant canopy and connected to a data logger. Data were collected at 5-min intervals and the average PAR for a 24-h period was recorded.
EXPERIMENTAL DESIGN A ND TREATMENTS. The experiment consisted of three irrigation treatments for the production of confetti tree. T 0 which was standard nutrient solution reported by Jimenez and Caballero (1990) Runoff from each kneeholy container was collected by placing a tightfitting plastic collection container under each plant. Plant containers were elevated to prevent leachate from being reabsorbed into the container. Samples were manually collected each week and stored in black plastic bottles. Confetti tree plants were hand watered daily with 70 mL of their irrigation treatment during the experimental growing period. The experimental design consisted of three irrigation treatments, four blocks, and four plants (one plant per container) per block giving a total of 48 plants plus border plants.
GROWTH PARAMETERS. At the end of the experiment, four plants per treatment were randomly selected to determine growth parameters.
Plant height from the top edge of the container to the last open leaf of the plant crown was measured. Branch and leaf number of each plant were counted directly on intact plants. Leaf area index (LAI) was determined from digitized images of each plant using the Idrisi Selva computer program (Clark Laboratories, Worcester, MA) as reported by Vaesen et al. (2001) . Plants were then harvested, the substrate gently washed from the roots with tap water and then rinsed twice with deionized water and the root surface dried with blotting paper. The longest root length was then measured from the crown to the tip of the root. Plants were divided into roots, stems, and leaves to determine the fresh weight (FW) of each organ. These organs were then ovendried at 60°C until they reached a constant weight. Plant dry weight (DW) was calculated as the sum of the root, stem, and leaf DW.
C O L O R P A R A M E T E R S A N D P H O T O S Y N T H E T I C P I G M E N T S I N LEAVES.
Before the initiation of the treatments and at the end of the experiment, four plants per treatment were randomly selected to determine the color index in the leaves for red (R), green (G), and blue (B) pigments as per Ali et al. (2012) . Briefly, the RGB values were analyzed using an optical scanner (ES-2000; Seiko Epson Corp., Suwa, Japan) and the images were processed with Adobe Photoshop CS6 (Adobe System Software, Dublin, Ireland) by averaging the R, G, and B values of all the leaf pixels. The same plants randomly designated for the determination of color index in leaves were also used to determine the photosynthetic pigments concentration. Extraction of chlorophyll a and b (Chl a and Chl b) and carotenoids were performed by submerging 0.2 g of fresh leaves in methanol in the dark at room temperature (15°C) for 24 h. STATISTICAL ANALYSIS. The experiment was a completely randomized block design and the values obtained for each plant and each variable were considered as independent replicates. The analysis of variance (ANOVA) and the least significant difference (LSD) tests (P < 0.05) were used to assess the differences between treatments. All statistical analyses were performed using Statgraphics Plus for Windows (version 5.1; Statpoint Technologies, Warrenton, VA).
Results and discussion
GROWTH PARAMETERS. Treatment 2 showed significantly higher values for plant height, number of branches, leaf number, LAI, and DW, whereas root length was significantly higher for T 0 (Table 2) . Irrigation with T 2 resulted in increased growth parameters of confetti tree. These results may seem counterintuitive because salt stress typically decreases plant growth (Cassaniti et al., 2009 ), but the selected species is halophytic (Lopez, 2004) . The increase of growth parameters with the highest EC water could have been due to the species salt tolerance. Similar results were reported in other ornamental plant species, where an EC increase because of the recirculation of nutrients in the irrigation water led to increased growth. Mayotte et al. (1996) reported higher values of growth parameters such as plant height, leaves number, LAI, and dry weight of five containerized herbaceous perennial species grown with recirculated nutrients without additional nutrient supplies. Purvis et al. (2000) also reported increased growth and dry weight of ninebark (Physocarpus opulifolius), whereas Chong et al. 2004) showed similar results for six species of ornamental plants, using nutrient recirculating systems. The increased growth with T 2 obtained in our experiment also could have been due to the high P concentration in the nutrient solution or from root exudates, which may solubilize mineral and organic nutrients (Graham, 1998) . Increased root length in plants irrigated with T 0 could have been due to the increase in nutrients and increase in growth as reported by Mengel and Kirkby (2001) . (Table 3) . Blue value and ratio Chl a/b were significantly higher (P < 0.05) in the T 0 treatment. No significant differences were found in the color index for red and carotenoids concentrations between treatments. Both T 1 and T 2 showed higher green index values and higher chlorophyll concentrations compared with T 0 . These results could be due to an increase in chlorophyll formation in T 1 and T 2 due to the increase of magnesium concentrations in the irrigation treatments as suggested by Rengel (1999) . The increase of chlorophyll concentrations and green index color in leaves showed a positive correlation with Chl a (R 2 = 0.75), Chl b (R 2 = 0.84), and Chl a + b (R 2 = 0.81) (data not shown). Similar coefficients were obtained by Hu et al. (2013) where leaf chlorophyll content was well correlated with image color analysis in rice (Oryza sativa). Similarly, G omez-Bellot et al. (2014) reported an increase in leaf chlorophyll concentration (a, b, and total) in dwarf japanese euonymus (Euonymus japonicus) under reclaimed wastewater irrigation with an EC of 4 dSÁm -1 . It should be noted that the irrigation water used for this experiment and G omez-Bellot et al. (2014) varied significantly. The values of EC and Na and Ca concentrations in our experiment were lower.
C O L O R P A R A M E T E R S A N D P H O T O S Y N T H E T I C P I G M E N T S CONCENTRATIONS IN LEAVES
PLANT MINERAL COMPOSITION. Nitrogen and P uptake were significantly lower (P < 0.05) in roots and leaves for T 1 and T 2 , compared with T 0 (Table 4) . Potassium and Ca concentrations were not significantly different in roots, stems, and leaves Irrigation treatments Means within a column with the same letter are not significantly different at P < 0.05 (analysis of variance and least significant difference test).
• October 2017 27 (5) between treatments. Declines in N and P concentrations in root and leaves of T 1 and T 2 could have been due to Cl -competing for binding sites with N (Abdelgadir et al., 2005) and P (Xu et al., 2003) and/or lower N and P concentrations in the irrigation applied. The ranges of leaf N (9.6-13.5 mgÁg -1 DW) reported here are similar to other reported values for confetti tree and the common spikethorn (Maytenus heterophylla) by Cramer and Bond (2013) (10-20 mgÁg -1 DW). The ranges for P (4.4-6.5 mgÁg -1 DW)
reported here were higher than those reported by Cramer and Bond (2013) (1.1-4.2 mgÁg -1 DW) and Aganga and Mesho (2008) (1.3 mgÁg -1 DW) for confetti tree. The increase in Cl and Na concentration in roots and leaves may be because of a low-affinity transport system for both Na and Cl as suggested by Kronzucker and Britto (2011) and Teakle and Tyerman (2010) . Our results showed a higher range of leaf Cl -(53.2-64.8 mgÁg -1 DW) compared with those reported by G omez-Bellot et al. (2015) in another member of the bittersweet family (Celastraceae), dwarf japanese euonymus (10.3-13.7 mgÁg -1 DW), suggesting confetti tree may be a hyperaccumulator of chlorine. On the other hand, the values of K (13.7 mgÁg -1 DW) and Ca (5.3 mgÁg -1 DW) leaf concentration were lower than the values reported by Aganga and Mesho (2008) in confetti tree for K (15.4 mgÁg -1 DW) and Ca (13.9 mgÁg -1 DW), respectively. It is also important to highlight that the production of ornamental plants in a series irrigation system may allow for a reduction of water and nutrient inputs, but it is necessary to consider that the selection of the plants in this system is based on the different degrees of salt tolerance that exist between various species.
The addition of runoff (T 1 and T 2 ) increased both the pH and EC of the nutrient solution compared with T 0 (Table 5 ). The use of irrigation runoff water decreased the concentration of NO 3 and H 2 PO 4 , but increased the concentration of SO 4 , Ca, and Mg, and had no significant effect on the concentration of K compared with T 0 .
The increase in pH in T 1 and T 2 compared with T 0 could be due to the nitrate uptake by the plants and the consequent release of H + (Mengel and Kirkby, 2001) . The increase in EC in T 1 and T 2 compared with T 0 may have been due to the accumulation of ions (Mg 2+ , Na + , and Cl -etc.) in the runoff water (Massa et al., 2010) because of the high concentration of Na + and Cl -in the tap water and the reuse of the runoff water. Irrigation with T 1 and T 2 showed reduced NO 3 -and H 2 PO 4 -concentrations compared with T 0 , which is Means within a column with the same letter are not significantly different at P < 0.05 (analysis of variance and least significant difference test).
likely due to plant uptake by kneeholly.
Conclusions
Our results indicate that the production of confetti tree in containers in T 2 resulted in higher growth rates compared with T 1 and T 0 . In addition, irrigation with T 1 and T 2 led to an increase of chlorophyll concentrations and consequently an increase in the green index color in leaves compared with the control. The increase in the green index color in leaves is highly valued by ornamental growers aesthetically. However, the mineral composition of roots and leaves were affected by irrigation treatments resulting in an increase of Na and Cl concentration and a decline of N and P concentration compared with the control. Results showed that the increase of growth parameters and chlorophyll concentration in relation to the highest EC in T 2 could be due to the species salt tolerance. Based on the results presented here, and under similar water chemistry, it is feasible to reuse irrigation runoff in series and without dilution for confetti tree production in a nursery setting, without reducing plant growth. This would be particularly beneficial in locations that have water quality or water quantity issues. Additional knowledge and understanding regarding irrigation and nutrient management practices, particularly regarding the reuse of runoff water in the production of ornamental plants would be beneficial for researchers and growers in managing water resources.
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